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(57) Abstract 

A method of recovering a biopolymer from solution involves the use of magnetically attractable beads which do not specif- 
ically bind the polymer. The beads are suspended in the solution. Then the polymer is precipitated out of solution and becomes 
non-specifically associated with the beads. When the beads are magnetically drawn down, the polymer is drawn down with them. 
The polymer can subsequently be resolubilised and separated from the beads. 
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Method to isolate macromolecules using magnetically 
attractable beads which do not specifically bind the 
macromolecules • 

5 

I Introduction 

Many techniques in Molecular Biology, 
Biochemistry and Chemistry rely upon the process of 
10 precipitation. There are two types of precipitation. 

In the first type of precipitation, the 
components from a complex solution that are not of 
interest are selectively precipitated. The precipitate 
and supernatant are then separated (usually by 
15 centrifugation or filtration) and the supernatant is 
kept for further use. 

In the second type of precipitation, the 
components of interest from a complex solution are 
selectively precipitated. The precipitate and 
20 supernatant are separated (again by centrifugation or 
filtration) and the precipitate is kept for further 
use. This precipitate may well be redissolved for 
further use. 

Examples of precipitation that are of 
25 particular relevance to this invention will now be 
discussed. 

a. Alcohol Precipitation of Nucleic Acid Molecules 
fypm Solution: 

30 Alcohol precipitation of nucleic acid 

molecules from solution is a standard procedure for the 
concentration and/or purification of these species from 
complex solutions. Typical methods involve the 
addition of salt (e.g. 0.1 volumes of 2.5 M sodium 

35 acetate (pH 5.2)) to a solution containing nucleic 
acids followed by addition of an alcohol (e.g. 2.5 
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volumes of ethanol) . The nucleic acids then 
precipitate. The precipitated nucleic acid molecules 
aggregate (usually with the aid of reduced 
temperatures; e.g. 5 minutes on dry ice) and are 
5 recovered by centrif ugation. After removal of the 
supernatant, the pelleted precipitate is normally 
redissolved in the required volume of an appropriate 
buffer. The nucleic acid may be DNA (partially or 
wholly single or double stranded) , RNA (partially or 

10 wholly single or double stranded) , mixtures of any of 
the above or a hybrid RNA/DNA species. The salt used 
may be sodium acetate, sodium chloride, potassium 
acetate, potassium chloride, ammonium acetate, ammonium 
chloride, guanidinium thiocyanate, guanidinium 

15 isothiocyanate, guanidinium chloride or mixtures of the 
above. The alcohol used is normally ethanol or 
isopropanol. 

iLi Precipitation of Bacteriophage and Other Viruses 

20 from Solution: 

Precipitation of bacteriophage and other 
viruses from solution by the addition of solutions 
containing high concentrations of highly hydratable 
polymers, such as polyethylene glycol (PEG), and salts, 

25 such as sodium chloride, is a standard procedure for 
the concentration and/or purification of these species 
from complex solutions. The bacteriophage or other 
viruses precipitated in this way may be used for 
nucleic acid extraction, protein extraction, infection 

2o of host cells, structural studies or immunological 

studies. A typical procedure involves the addition of 
0.2 volumes of 20% (w/v) PEG in 2.5 M sodium chloride 
to the complex solution known to contain the 
bacteriophage or other viruses. The bacteriophage or 

25 other viruses precipitate. The precipitated particles 
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then aggregate (normally with the aid of incubation at 
reduced temperatures; e.g. 60 minutes at 4 # C) and are 
recovered by centrif ugation . After removal of the 
supernatant, the pellet (comprising precipitated 
5 particles of bacteriophage or other viruses) is 
normally redissolved in the required volume of an 
appropriate buffer. The bacteriophage may be 
filamentous (e.g. M1 3 ) or complex (e . g . lambda) . They 
may infect bacteria, animal or plant cells and they may 
10 be DNA- containing or RNA-containing . 

Removal of Bacte r ial dna. Proteins and Membranes 
from Bacterial Lysates: 

Another type of precipitation of interest to 
Molecular Biologists is used for the removal of 
bacterial DNA, proteins and membranes from bacterial 
lysates containing, in addition to the above, RNA and 
plasmid DNA and/or cosmid DNA and/or bacteriophage DNA. 
This forms the basis of the alkaline lysis procedure 
for preparations of low molecular weight DNA. In this 
procedure, the bacterial cells (e.g. E.coli) are lysed 
by treatment with sodium hydroxide (e.g. 200 mM) and 
the detergent sodium dodecyl sulphate (SDS) (e.g. 0.3- 
1.0% (w/v)). Addition of a mixture of either sodium or 
25 potassium acetate at low pH (e.g. 0.5 times the volume 
of lysis buffer of 3 M sodium or potassium acetate 
adjusted to pH 4.8 with acetic acid) leads to the 
formation of a precipitate containing protein, membrane 
fragments and the entrapped bacterial DNA. The RNA and 
low molecular weight DNA species are not entrapped in 
this precipitate and can be recovered from the 
supernatant after centrif ugation or filtration of the 
precipitate. The low molecular weight DNA species can 
be purified and/or concentrated, along with cellular 
RNA, by subsequent alcohol precipitation from this 
supernatant as described above. The DNA species 
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extracted by this procedure may be plasmid, cosmid or 
bacteriophage-derived. The volume of cells lysed can 
be as little as a few microlitres or as large as many 
litres of bacterial culture. 

II Pftscrini-ion of i-ho invention 

In one aspect this invention provides a 
method of treating a solution of a polymer by the use 
of magnetically attractable beads which do not 
specifically bind the polymer, comprising the steps of: 

- suspending the magnetically attractable 
beads in the solution, 

- precipitating the polymer out of solution 
whereby it becomes non-specif ically associated with the 

15 beads, 

" a PPWng a magnetic field to draw down a 
precipitate of the beads and the associated polymer, 
and 

- separating the precipitate from a 
20 supernatant liquid. 

The key to the invention is the use of 
magnetically attractable beads (hereinafter magnetic 
beads) . The nature of the magnetic beads is not 
critical, and commercially available beads may be used 
25 The beads typically have an average diameter in the 
range 1 to 100 um, and comprise finely divided 
magnetizable material encapsulated in organic polymer. 

Or the organic polymer may be omitted. Beads 
of magnetic iron oxide are commercially available. 
30 Such beads have been successfully used in this 

invention in sizes ranging from below i um up to 40 um 
Even the larger beads remain in suspension at least for 
the duration of the precipitation step; their 
subsequent tendency to settle out assists the magnetic 
35 fxeld an drawing down the precipitate. 

To improve recovery of precipitated polymers. 
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the beads may be pretreated to reduce any unwanted 
tendency to bind the polymers permanently. For 
example, when the polymers are nucleic acids, the beads 
may be pre- treated with a phosphate solution. This 
5 treatment is believed to phosphatize any exposed 

magnetisable material, and mayVnot be necessary if the 
magnetisable material is completely encapsulated in 
inert polymer. 

The beads are preferably added to the 
10 solution either before, or together with, a reagent 
used to precipitate the polymer. Alternatively, the 
beads may be added after the precipitation step, under 
conditions to cause the pre-existing precipitate to 
become associated with them. 
15 The starting solution is preferably aqueous. 

However starting solutions in polar or non-polar 
organic solvents are envisaged, particularly when the 
polymer is of synthetic origin. 

While the invention is applicable to polymers 
20 generally, it is of particular importance in relation 
to biopolymers. Biopolymers are polymers found in 
biological systems. The nature of the biopolymer is 
not critical to the invention. Biopolymers include 
nucleic acids (DNA and RNA) , proteins, polypeptides, 
25 polysaccharides, cell membrane material, 

bacteriophages, virus, and procarydtic and eucaryotic 
cells. 

At the outset, the polymer or biopolymer is 
present in solution, the term solution being used 
30 broadly to cover permanently stable suspensions in 
which the polymer molecules are not aggregated. 

It is a feature of the invention that the 
magnetic beads do not specifically bind the polymer. 
By this feature, the present invention is distinguished 
35 from many prior techniques which involve providing a 
coating on the surface of magnetic beads designed to 
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specifically bind the substance to be drawn down out of 
solution. When the polymer is precipitated out of 
solution in the presence of the suspended magnetic 
beads, it becomes non-specif ically associated with the 
beads. When the beads are drawn down by an applied 
magnetic field, the associated precipitated polymer is 
drawn down with them. But when in solution, the 
polymer does not become associated with the beads. 

When the solute is of more interest than the 
solvent, the method may be used either to concentrate 
an initially dilute solution, or to recover one or more 
polymers from a mixture of polymers, or for both these 
purposes in sequence. For a sequence of manipulations, 
the same beads can conveniently be used. The nature of 
the liquids used to dissolve or re-dissolve the 
polymer, and of reagents used to precipitate polymer, 
are not material to this invention. A skilled reader 
will have no difficulty in choosing liquids and 
reagents appropriate to his needs. 

In another aspect, the invention provides an 
automated device for performing this method, which 
device comprises an automated pipettor and a magnet 
which may be a permanent magnet or an electromagnet. 

The invention will now be discussed with 
reference to the three types of precipitation given in 
the introduction. 

a. Alcohol Preci p itation of Nucleic ACifl HQlec^leg 

fypm Solution: 

Magnetic bead induced precipitate separation 
can be used to greatly improve the process of alcohol 
precipitation of nucleic acids. The alcohol 
precipitation procedure as modified by this invention 
is shown in Figure 1a. Magnetic beads are added to the 
nucleic acid in solution. Salt is then added (the 
magnetic beads can also be added at the same time as 
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the salt) . The nucleic acid is still soluble at this 
stage. Alcohol is then added. This causes the nucleic 
acid to come out of solution. The precipitated nucleic 
acid aggregates around the suspended magnetic beads 
5 (which may well act as nucleation sites for this 

aggregation process) . The aggregation stage may be 
assisted for some types of precipitations by chilling 
(though chilling does not appear to be necessary for 
simple precautions of plasmid, phage DNA, RNA and 

10 genomic DNA by this method) . A magnetic field is then 
applied to the precipitation. This magnetic field is 
used to draw the complex of magnetic beads and 
precipitated nucleic acid to the bottom (or side) of 
the tube. The supernatant is then removed from the 

15 tube. At this point, the precipitate can be washed 
with ethanol, and/or isopropanol and/or 70% (v/v) 
ethanol to remove any residual salt, nucleotides, 
chemicals or organic solvents remaining from treatments 
of the nucleic acid prior to the precipitation step. 

20 Th e nucleic acid is insoluble in isopropanol , ethanol 
and 70% (v/v) ethanol. The nucleic acid therefore 
remains aggregated around the magnetic beads during 
washing . The washing step can thus be performed 
vigorously (e.g. by vortex mixing) without risk of 

25 losing the precipitate. After the washing step, if 
performed, the precipitate is redissolved in the 
required volume of an appropriate buffer in the absence 
of the magnetic field. Reapplication of the magnetic 
field to the tube results in just the magnetic beads 

30 being drawn to the bottom (or side) of the tube (as the 
nucleic acid is now dissolved rather than a precipitate 
as before) . The redissolved nucleic acid can now be 
separated from the magnetic beads by collecting the 
supernatant containing the dissolved nucleic acid with 

35 a pipette whilst the beads are held against the bottom 
(or side) of the tube by the magnetic field. 
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The modification of alcohol precipitation by 
this invention has several clear advantages over the 
conventional method of precipitation using * 
centrifugation. The procedure, as modified by this 
5 invention, is: 

1. Faster (the modified procedure takes only 1-2 
minutes, as opposed to 10-30 minutes for the 
conventional procedure using centrifugation) . 

2. Not reliant upon centrifugation equipment. 
10 3. Readily suited to automation (a great many 

tubes could be placed over a large electromagnet and 

these could all be alcohol precipitated simultaneously 

using a multi channel pipetting device) . 

4. Especially effective if the precipitate of 

15 nucleic acid is to be washed with isopropanol, ethanol 

or 70% ethanol (e.g. to remove any residual salt, 

nucleotides or organic solvents such as phenol) . 

Washing can be performed rapidly with no risk of loss 

of material as can occur with the conventional method 
20 based upon centrifugation (where the pellet often 

detaches from the bottom of the tube during such 

washing) . 

Magnetic bead induced precipitate separation 
can also be used to greatly improve the process of 

25 deproteinization and alcohol precipitation of nucleic 
acids. The deproteinization and alcohol precipitation 
procedure as modified by this invention is shown in 
Figure 1b. DNA is given as the example in Figure 4b, 
though the process is equally applicable to any type of 

30 nucleic acid. Magnetic beads are added to the protein 
and nucleic acid in solution. Salt is then added (the 
magnetic beads can also be added at the same time as 
the salt) . The protein and nucleic acid are still 
soluble at this stage. Alcohol is then added. This 

35 causes the protein and nucleic acid to come out of 
solution. The precipitated protein and nucleic acid 
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aggregate around the suspended magnetic beads (which 
may well act as nucleation sites for this aggregation 
process) . The aggregation stage may be assisted for 
some types of precipitations by chilling (though 
5 chilling does not appear to be necessary for simple 
precipitations of plasmid, phage DNA, RNA and genomic 
DNA with protein extraction by this method), A 
magnetic field is then applied to the precipitation. 
This magnetic field is used to draw the complex of 

10 magnetic beads and precipitated protein and nucleic 
acid to the bottom (or side) of the tube* The 
supernatant is then removed from the tube. The protein 
and nucleic acid remain aggregated around the magnetic 
beads. Phenol and/or phenol /chloroform and/or 

15 phenol /ethanol is then added and the magnetic beads 

resuspended in the absence of the magnetic field. This 
resuspension extracts fctte precipitated protein from the 
magnetic beads whilst the nucleic acid remains still 
attached. A magnetic field is again applied to the 

20 tube. This magnetic field is used to draw the complex 
of precipitated nucleic acid and magnetic beads to the 
bottom (or side) of the tube. The phenolic supernatant 
(containing the extracted protein) is then removed from 
the tube. At this point, the precipitate can be washed 

25 with ethanol, and/or isopropanol and/or 70% (v/v) 
ethanol to remove any residual salt, nucleotides, 
chemicals or organic solvents remaining. The nucleic 
acid is insoluble in isopropanol, ethanol and 70% (v/v) 
ethanol. The nucleic acid therefore remains aggregated 

30 around the magnetic beads during washing. The washing 
step can thus be performed vigorously (e.g. by vortex 
mixing) without risk of losing the precipitate. After 
the washing step, if perf ormed, the precipitate is 
redissolved in the required volume of an appropriate 

35 buffer in the absence of the magnetic field. 

Reapplication of the magnetic field to the tube results 
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in just the magnetic beads being drawn to the bottom 
(or side) of the tube (as the nucleic acid is now 
dissolved rather than a precipitate as before) . The 
redissolved nucleic acid can now be separated from the 
5 magnetic beads by collecting the supernatant containing 
the dissolved nucleic acid with a pipette whilst the 
beads are held against the bottom (or side) of the tube 
by the magnetic field. 

The modification of deproteinization and 
10 alcohol precipitation by this invention has several 

clear advantages over the conventional method of using 
centrifugation. The procedure , as modified by this 
invention, is: 

1 • Faster (the modified procedure takes only 5- 

15 10 minutes, as opposed to 20-40 minutes for the 
conventional procedure using centrifugation) . 

2 - Not reliant upon centrifugation equipment. 

3 - Readily suited to automation (a great many 
tubes could be placed over a large electromagnet and 

20 these could all be deproteinized and alcohol 

precipitated simultaneously using a multi channel 
pipetting device) . 

4 - Especially effective if the precipitate of 
nucleic acid is to be washed with isopropanol, ethanol 

25 or 70% ethanol (e.g. to remove any residual salt, 
nucleotides or organic solvents such as phenol). 
Washing can be performed rapidly with no risk of loss 
of material as can occur with the conventional method 
based upon centrifugation (where the pellet often 

30 detaches from the bottom of the tube during such 
washing) . 

^ Precipitation Of Bacteriophage an d Other Viruses 

frpw Solution: 

35 Magnetic bead induced precipitate separation 

can be used to greatly improve the process of 
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hydrateable polymer/salt precipitation of bacteriophage 
and other viruses. The hydrate&bie polymer/ It 
precipitation procedure scs modified by this invention 
is shotfn in figure 2. Magnetic beads, hydr&te^ble 
§ poiysjos ?16) and salt {Gog, sodium' ch!oside) are 

oddod to th© teaet^rioph^g e or other viral particles A a 
solution. This e&useg the parti©!® s of bacteriophage 
©r ©thor visiSGoo to e©sae out of solution . The 
p^oeipitafeofl ^astieles aggregate rou&d th© suspended 
10 magnetic beads (which may ^ell act &e nuelo&tlon sites 
for this aggregation process) . ^©"'aggregation stage 
moy bo &§gi©t©d for sone types of precipitations by 
chilling (though Shilling does not appoar to be 
necessary for simple precipitations of Ibaxateri ©phage) . 
<jg A aa^aotJLC 2i<Did is thaa applied to the precipitation. 
Thio saagndtie 2i<tld is used to dr&& th© " complex of 
saogaotie boafls- aiad precipitated particles to the bottom 
(or sides} of th© tube. . The supernatant io then removed 
from the. tube. The precipitate is redissolvod in the 
g@ soQuAeofi ^©l^fiae an appropriate buffer lira th© abg^ned 
@£ feho raQfaofeie field. Re&ppIi©&t±oa& of th© sa&^aQtie 
£4014* to the tobe r@SMlts in just th© ©&g®@ti@ SgqSs 
bsiag drsrcm to th© bottora (or sMg) tho t^be (as the 
pastieles of bacteriophage or other viruses now 
25 dioooivod £&th<§r than © precipitate is before) . The 

redissolved particles of bactorio^haf © or other viruses 
can now be separated frota the B&f&Qtle b©ads by 
collecting feho ©upomataiat containing the dissolved 
particles with a pipette whilst thf b<ts&§ are held 
^0 against the bottom (or side) of the •'tube by the 
magnetic field. 

The modification of hydr$t<u©bie polymer/ salt 
precipitation by this iav©nti©n has o^vesal ci<sar 
GSvantagos ovess th© eqsvenfeio&al e^thofi of 
^ proeipit&tifcfa musing eentrifug&tion. Th© procedure, &s 
modified by' this invention. As? 
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1< Faster (the modified procedure takes only 1-2 

minutes, as opposed to 65-75 minutes for the 
conventional procedure using centrif ugation) . 
2. Not reliant upon centrif ugation equipment, 

5 3. Readily suited to automation (a great many 

tubes could be placed over a large electromagnet and 
these could all be hydrateable polymer/salt 
precipitated simultaneously using a multi channel 
pipetting device) . 

10 4. Less likely to produce aerosols of 

bacteriophage and other viruses than the conventional 
procedure based upon centrif ugation . This is safer if 
the bacteriophage or other viruses are harmful and will 
result in less airborne microbial contamination in the 

15 laboratory. 

a- — Removal of Bacterial PNA, Proteins and Membranes 

from Bacterial Lvsatp fi? 

Magnetic bead induced precipitate separation 

20 can also be used to greatly improve the precipitation 
of bacterial DNA, membranes and proteins from bacterial 
lysates containing RNA and low molecular weight DNA 
species. The preparation of RNA and low molecular 
weight DNA species as modified by this invention is 

25 shown in Figure 3- Bacteria (containing the low 

molecular weight DNA species of interest) are lysed 
with a mixture of sodium hydroxide and SDS. This 
releases bacterial DNA, proteins, membranes, RNA and 
low molecular weight DNA into solution. Magnetic beads 

30 and either sodium or potassium acetate are then added 

at low pH. This causes the SDS, proteins and membranes 
to precipitate. The precipitate also entraps the 
bacterial DNA and the magnetic beads . A magnetic field 
is then applied to the precipitation. This magnetic 

35 field is used to draw the complex of magnetic beads and 
precipitated material to the bottom (or side) of the 
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tube. The supernatant is then removed from the tube 
with a pipette whilst the complex of beads and 
precipitated material is held against the bottom (or 
side) of the tube by the magnetic field. The low 
5 molecular weight DNA can be purified and/or 

concentrated from this supernatant (along with any 
remaining cellular RNA that will also be purified) by 
alcohol precipitation ks described above. 

The modification of low molecular weight DNA 
10 preparation by this invention has several clear 
advantages over the conventional method of 
precipitation using centrifugation. The procedure, as 
modified by this invention, is: 

1 - Faster (the modified procedure takes only 5-10 
15 minutes, as opposed to 30-60 minutes for the 

conventional procedure using centrifugation) . 

2 - Not reliant upon centrifugation equipment. 

3 - Readily suited to automation (a great many 
tubes could be placed over a large electromagnet and 

20 these could all be precipitated simultaneously using a 
multi channel pipetting device). 

Preparation from Bacteriophage or Other 

Viruses. 

Magnetic bead induced precipitate separation 
has been shown to greatly improve the process of 
hydrateable polyraer/salt precipitation of bacteriophage 
and other viruses. The hydrateable polyraer/salt 
precipitation has been Shown in Figure 2. Magnetic 
bead induced precipitate separation has also been shown 
to greatly improve the precipitation of bacterial 
DNA, membranes and proteins from bacterial ly sates 
containing RNA and low molecular weight DNA species. 
The preparation of RNA and low molecular weight DNA 
species as modified by this invention has been shown in 
Figure 3. The combination of these two procedures can 
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be used to derive a novel procedure for the 
purification of low molecular weight DNA from 
bacteriophage or other viral particles. In this 
novel procedure, particles of bacteriophage or other 
5 viruses are precipitated using the magnetic bead method 
given in Figure 3. The purified particles are then 
subjected to lysis by sodium hydroxide and SDS. This 
step separates the coat proteins from the DNA, with 
both being released into solution. Magnetic beads and 
10 either sodium or potassium acetate are then added at 
low pH. This causes the SDS and coat proteins to 
precipitate. The precipitate also entraps the magnetic 
beads. A magnetic field is then applied to the 
precipitation. This magnetic field is used to draw the 

15 complex of magnetic beads and precipitated material to 
the bottom (or side) of the tube. The supernatant is 
then removed from the tube with a pipette whilst the 
complex of beads and precipitated material is held 
against the bottom (or side) of the tube by the 

20 magnetic field. The low molecular weight DNA can be 
purified and/or concentrated from this supernatant by 
alcohol precipitation as described above. The 
modification of low molecular weight DNA preparation 
from bacteriophage or other viruses by this invention 

25 has several clear advantages over the conventional 

method of precipitation using centrifugation and other 
methods. The procedure, as modified by this invention, 
is: 

1 • Faster (the modified procedure takes only 5- 

30 10 minutes, as opposed to 2-3 hours for the 
conventional procedure using centrifugation) . 

2 - Not reliant upon centrifugation equipment. 

3 - Readily suited to automation (a great many 
tubes could be placed over a large electromagnet and 

35 these could all be precipitated simultaneously using a 
multi channel pipetting device) . 
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4 . Not reliant upon organic solvent extraction 

(e.g. by phenol) . 

5. Less likely to produce aerosols of 
bacteriophage and other viruses than the conventional 

5 procedure based upon centrifugation. This is safer if 
the bacteriophage or other viruses are harmful and will 
result in less airborne microbial contamination in the 
laboratory. 

6. Especially effective if the precipitate of 
10 nucleic acid is to be washed with isopropanol, ethanol 

or 70% ethanol. Washing can be performed rapidly with 
no risk of loss of material as can occur with the 
conventional method based upon centrifugation (where 
the pellet often detaches from the bottom of the tube 
15 during such washing) . 

— Precipitation of Bacteria from Solution 

Magnetic bead induced precipitate separation 
can also be used to effect a novel process of alcohol 

20 precipitation of cells e.g. bacterial cells. Magnetic 
beads are added to the bacteria in solution. Salt is 
then added (the magnetic beads can also be added at 
the same time as the salt) . The bacteria are still 
soluble at this stage. Alcohol is then added. This 

25 causes the bacteria to cope out of solution. The 

precipitated bacteria aggregate around the suspended 
magnetic beads <which may well act as nucleation sites 
for this aggregation process) . A magnetic field is 
then applied to the precipitation. This magnetic field 

30 is used to draw the complex of magnetic beads and 

precipitated bacteria to the bottom (or side) of the 
tube. The supernatant is then removed from the tube. 
The precipitate is dissolved in the required volume of 
an appropriate buffer in the aibsence of the magnetic 

35 field. Reapplication of the magnetic field to the tube 
results in just the magnetic beads being drawn to the 
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bottom (or side) of the tube (as the bacteria are now 
dissolved rather than a precipitate as before) . The 
redissolved bacteria can now be separated from the 
magnetic beads by collecting the supernatant containing 
the dissolved bacteria with a pipette whilst the beads 
are held against the bottom (or side) of the tube by 
the magnetic field. 

Alternatively the bacteria can be lysed 
directly on the beads as described in IIIc for DNA 
preparation. The procedure as effected by this 
invention is: 

1 * Faster (the modified procedure takes only 1-2 

minutes, as opposed to 5-15 minutes for the 
conventional procedure using centrifugation) . 

1 5 2 - Not reliant upon centrifugation equipment. 

3 - Readily suited for automation (a great many 

culture tubes could be placed over a large 
electromagnet and these could all be alcohol 
precipitated simultaneously using a raulti channel 

20 Pipetting device) . 

Reduction Of tho Tnveiil-inT. +r, Prac-i-ino . 

The magnetic beads used were cellulose/ferric 
oxide (50/50), with a particle size of 1-10 microns 
25 diameter. Beads were pre treated by soaking in 100 mM 
tetrasodium pyrophosphate solution, and stored at 4 
degrees in 0.1% (w/v) sodium azide at a concentration 
of 50 mg/ml. 

30 a- — hn Example of alcohol precir>i tatinn nf nucIpip a^-i* 
Using Magnetic P*»fl<1 induced Precipi senar.t^n . 

ExamrtlP 1 

Precipitations of plasmid (e.g. pBR322) can 
35 be performed according to the following protocol: Take 
PBR322 DNA in, for example, 100 pi of TE buffer (10 mM 
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Tris-HCl (pH 8.0), 1 mM EDTA (pH 8.0)); add 1/1 Oth 
volume (i.e. 10 pi) of a solution containing magnetic 
beads at 50 mg/ml and tRNA at 1 nig /ml (as carrier, this 
may be omitted if the concentration of nucleic acid is 
5 greater than about 10-25 pg/ml) in 2.5 M sodium acetate 
adjusted to pH 5.2 with acetic acid; mix; add 2.5 
volumes (i.e. 250 pi) of ethanol; mix; place over a 
permanent magnet to bring down the precipitate; remove 
the supernatant; wash the pellet in, for example, 

10 100 ul of 70% (v/v) ethanol by resuspending with a 

pipette in the absence of the magnetic field, finally 
removing the supernatant (wash solution) with a pipette 
in the presence of the magnetic field; redissolve the 
pellet in the required volume of TE buffer. 

15 No loss occurs on omission of the chilling 

step for pBR322 DNA. Also, no loss occurs from washing 
the precipitate with 70% (v/v) ethanol for pBR322 DNA. 
The above procedure works equally well for human 
genomic DNA and for RNA. 

20 

Example ?. 

Precipitation of pBR322 plasmid DNA with 
deproteinization can be performed according to the 
following protocol: Take, for example, pBR322 DNA in 

25 20 pi of TE buffer (10 mM Tris-HCl (pH 8.0), 1 mM EDTA 
(pH 8.0)) containing protein (e.g. a 1/4 dilution of 
Rainbow Markers™ (Amersham International )) ; add 
1/1 Oth volume (i.e. 2 pi) of a solution containing 
magnetic beads at 50 mg/ml and tRNA at 1 mg/ml (as 

30 carrier, this may be omitted if the concentration of 
nucleic acid is greater than about 10-25 pg/ml) in 
2.5 M sodium acetate adjusted to pH 5.2 with acetic 
acid; mix; add 2.5 volumes (i.e. 50 pi) of ethanol; 
mix; place over a permanent magnet to bring down the 

35 precipitate; remove the supernatant; wash the pellet 
in, for example, 50 pi of phenol (or greater than 60% 
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(v/v) phenol in ethanol) by resuspending with a pipette 
in the absence of the magnetic field, finally removing 
the supernatant (wash solution) with a pipette in the 
presence of the magnetic field; redissolve the pellet 
5 in the required volume of TE buffer. The yield of DNA 
falls off with less than 40% (v/v) phenol in ethanol 
used for protein extraction. No losses are incurred 
with this additional step of protein extraction 
compared to a protein-free ethanol precipitation. 

10 Ethanol precipitation from a solution heavily 

contaminated with protein is also seen to be dependent 
upon the extraction of the contaminating protein by a 
phenol containing solution (i.e. the DNA cannot be 
redissblved from the beads if protein extraction has 

15 not been performed). The successful extraction of the 
protein into the phenolic layer by this procedure can 
clearly be seen when using coloured proteins. The 
above procedure works equally well for human genomic 
DNA and for RNA . 

20 

— An Example of Hydrateable Polymer/Salt 

Precipitation of Bacteriophage Using Magnetic Bead 
Induced Precipitate Separation: 

25 Example 3 

Precipitations can be performed on, for 
example , 1 ml samples of M13mp8 bacteriophage in 2xTY 
broth (precleared of bacteria by centrifugation) 
according to the following protocol: Add 0.4 volumes 
30 (i.e. 400 pi) of 2 mg/ral magnetic beads in 20% (w/v) 
PEG f 2.5 M NaCl; mix; bring down magnetic beads and 
precipitate using a permanent magnet; redissolve 
magnetic bead pellet in the required volume of TE 
buffer. 

35 At 0.4 volumes, the amount of bacteriophage 

not brought down by the beads is negligible. 
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Example 4 

DNA preparations can be performed on, for 
example, 1 ml samples of M13mp8 bacteriophage in 2xTY 
broth (precleared of bacteria by centrif ugation) 
5 according to the following protocol: Add 0.4 volumes 
(i.e. 400 pi) of 2 mg/ml magnetic beads in 20% (w/v) 
PEG, 2.5 M NaCl; mix; bring down magnetic beads and 
precipitate using a permanent magnet; redissolve 
magnetic bead pellet in 1/5th volume (i.e. 200 pi) of 

10 TE buffer; extract with an equal volume (i.e. 200 pi) 
of phenol; remove aqueous (top) layer; add 1/1 0th 
volume (i.e. 20 pi) of a solution containing magnetic 
beads at 50 mg/ml and tRNA at 1 rag/ml (as carrier, this 
may be omitted if the concentration of nucleic acid is 

-15 greater than about 10-25 pg/ral) in 2.5 M sodium acetate 
adjusted to pH 5.2 wit^ acetic acid; mix; add 2.5 
volumes (i.e. 500 pi) of ethanol; mix; place over a 
permanent magnet to bring down the precipitate; remove 
the supernatant; wash the pellet in, for example, 

20 100 pi of 70% (v/v) ethanol by resuspending with a 

pipette in the absence of the magnetic field, finally 
removing the supernatant (wash solution) with a pipette 
in the presence of the magnetic field; redissolve DNA 
in the required volume of TE buffer. 

25 

Example 5 

DNA preparations can also be performed on, 
for example, 1 ml samples of M13mp8 bacteriophage in 

30 2xTY broth (precleared of bacteria by centrif ugation) 
according to the following protocol: Add 0.4 volumes 
(i.e. 400 pi) of 2 rag/ml magnetic beads in 20% (w/v) 
PEG, 2.5 M NaCl; mix; bring down magnetic beads and 
precipitate using a permanent magnet; redissolve 

35 magnetic bead pellet in -1/ 10th original volume (i.e. 
100 pi) of 4 M sodium perchlorate in TE buffer; now 
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add 2.5 volumes (i.e. 250 pi) of ethanol; mix; place 
over a permanent magnet to bring down the precipitate; 
remove the supernatant; wash the pellet twice in, for 
example, 100 pi of 70% (v/v) ethanol by resuspending 
5 with a pipette in the absence of the magnetic field, 
finally removing the supernatant (wash solution) with 
a pipette in the presence of the magnetic field; 
red! s solve DNA in the required volume of TE buffer. 

10 CL* An Example of the Removal of Bacterial DNA. 

Proteins and Membranes from Bacterial Lvsates Using 
Magnetic Bead Induced Precipitate Se paration ; 

Example 6 

15 pUC19 DNA can be extracted from E.coli MC1061 

cells by the following protocol: Take, for example, 
250 jil of bacterial culture; add 1/5th volume (i.e. 
50 pi) of 1.2 M NaOH, 1.2% (w/v) SDS; mix; incubate 2 
minutes at room temperature; now add 3/5th volume 

20 (i.e. 150 pi) of 10 mg/ml magnetic beads in 3 M 

potassium acetate adjusted to pH 4.8 with acetic acid; 
mix; bring down precipitated material with a permanent 
magnet and keep supernatant; isopropanol precipitate 
the supernatant as follows: add 1/1 0th supernatant 

25 volume (i.e. 45 pi) of a solution containing magnetic 
beads at 50 mg/ml and tRNA at 1 mg/ml (as carrier, this 
may be omitted if the concentration of nucleic acid is 
greater than about 10-25 pg/ml) in 2.5 M sodium acetate 
adjusted to pH 5.2 with acetic acid; mix; add 0.6 

30 supernatant volumes (i.e. 270 pi) of isopropanol; mix; 
place over a permanent magnet to bring down the 
precipitate; remove the supernatant; wash the pellet 
in, for example, 100 pi of 70% (v/v) ethanol by 
resuspending with a pipette in the absence of the 

35 magnetic field, finally removing the supernatant (wash 
solution) with a pipette in the presence of the 
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magnetic field; redissolve DNA in the required volume 

of TE buffer. Preparations can be incubated with 

10 pg/ml ribonuclease A for 10 minutes at 37 *C before 

analysis. 

5 

Example 7 

pUC19 DNA can also be extracted from E.coli 
MC1061 cells by the following protocol: Take, for 
example, 500 pi of bacterial culture; add 1 volume 

10 (i-e v 500 pi) of a solution containing magnetic beads 
at 5 mg/ml in 0.2 M sodium acetate (adjusted to pH 5.2 
with acetic acid) dissolved in ethanol; mix; bring 
down precipitated bacteria with a permanent magnet; 
remove supernatant and discard; redissolve bacterial 

15 pellet in, for example, 300 pi of 0.2 M NaOH, 0.2% 
(w/v) SDS; mix; incubate 2 minutes at room 
temperature; now add 1/2 volume (i.e. 150 pi) of 3 M 
potassium acetate adjusted to pH 4.8 with acetic acid; 
mix; bring down precipitated material with a permanent 

20 magnet and keep supernatant; isopropanol precipitate 
the supernatant as follows: add 1/10th supernatant 
volume (i.e. 45 pi) of a solution containing magnetic 
beads at 50 mg/ml and tRNA at 1 mg/ml (as carrier, this 
may be omitted if the concentration of nucleic acid is 

25 greater than about 10-25 pg/ml) in 2.5 M sodium acetate 
adjusted to pH 5.2 with acetic acid; mix; add 0.6 
supernatant volumes (i.e. 270 pi) of isopropanol; mix; 
place over a permanent magnet to bring down the 
precipitate; remove the supernatant; wash the pellet 

30 in, for example, 100 pi of 70% (v/v) ethanol by 
resuspending with a pipette in the absence of the 
magnetic field, finally removing the . supernatant (wash 
solution) with a pipette in the presence of the 
magnetic field; redissolve DNA in the required volume 

35 of TE buffer. Preparations can be incubated with 

10 pg/ml ribonuclease A for 10 minutes at 37 # C before 
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analysis. 

*L An Example of PNfl Extraction from Bac t eriophaoP 

Using Magnetic Bead Tnrl uced Precipitate Separation 

5 £°JLi HYdrateable Polvmr/Salt Precipitation 

Removal Of Coat Proteins and Alcohol Precipitation 
Of the DNA: 

Example S 

10 M13mp8 phage can be precipitated with 

magnetic beads, PEG and NaCl as described in Illb. DNA 
can then be prepared by the alkaline lysis procedure as 
described in IIIc (dissolving the PEG /NaCl /magnetic 
beads precipitate of bacteriophage particles in, for 

15 example, 250 pi of TE buffer for alkaline lysis). The 
alkaline lysis method gives M13mp8 DNA at about half 
the yield of the phenol extraction preparation. 

IY Other TVPPS Of Precipitation, 
20 These include the following: 

Precipitations of bacteria, tissue culture 
cells and blood cells by suitable precipitants (e.g. an 
equal volume of ethanolic 0.2 M sodium acetate adjusted 
to pH 5.2 with acetic acid for E.coli) and magnetic 
25 bead induced precipitate separation. 

Ammonium sulphate precipitation of proteins 
with magnetic bead induced precipitate separation. 

Precipitation of proteins by salts other than 
ammonium sulphate and magnetic bead induced precipitate 
30 separation (e.g. sodium perchlorate, sodium iodide, 
guanidinium chloride, guanidinium thiocyanate, 
guanidinium isothiocyanate and other chaotropic 
agents) . 

Precipitation of proteins by denaturants and 
35 magnetic bead induced precipitate separation. 

Precipitation of proteins by detergents and 
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magnetic bead induced precipitate separation. 

Precipitation of nucleic acids by the 
detergent cetyl trimethyl ammonium bromide and magnetic 
bead induced precipitate separation. 
5 Precipitation or proteins and/or nucleic 

acids with agents such as trichloroacetic acid (that 
denature due to extremes of pH) and magnetic bead 
induced precipitate separation. 

Selective RNA precipitations from lithium 
10 chloride and magnetic bead induced precipitate 
separation. 

Selective precipitations of nucleic acids 
from other nucleic acids (e.g. precipitations of high 
molecular weight DNA from oligodeoxyribonucleotides 
15 and/or deoxynucleotide polyphosphates) which may work 
better using magnetic bead induced precipitate 
separation than centrifugation. 

Immune precipitations and magnetic bead 
induced precipitate separation. 
20 Complement fixation precipitations and 

magnetic bead induced precipitate separation. 

Blood clotting precipitations and magnetic 
bead induced precipitate separation. 

Latex bead precipitation assays and magnetic 
25 bead induced precipitate separation. 

Haemagluttination assays and magnetic bead 
induced precipitate separation. 



30 



35 
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CLAIMS 

5 

1 * A method of treating a solution of a polymer 

by the use of magnetically attractable beads which do 
not specifically bind the polymer, comprising the steps 
of : 

10 - suspending the magnetically attractable 

beads in the solution, 

precipitating the polymer out of solution 
whereby it becomes non-specif ically associated with the 
beads , 

15 " applying a magnetic field to draw down a 

precipitate of the beads and the associated polymer, 
and 

- separating the precipitate from a 
supernatant liquid. 

20 2 - A method as claimed in Claim 1, comprising 

the additional steps of: 

- adding liquid to the precipitate to re- 
dissolve the polymer and re-suspend the beads. 

- applying a magnetic field to draw down the 

25 beads , and 

separating a supernatant liquid containing 
the polymer from the beads. 

3. A method as claimed in Claim 1 or Claim 2, 

wherein the solution is in an aqueous medium. 
30 4 • A method as claimed in any one of Claims 1 to 

3, wherein the polymer is a biopolymer. 

5- A method as claimed in Claim 1 or Claim 2, 
wherein the biopolymer is nucleic acid. 

6- A method as claimed in Claim 4, wherein the 
35 biopolymer precipitated comprises protein as well as 

nucleic acid. 
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7. A method as claimed in Claim 6, comprising 
the additional steps of: 

adding liquid to the precipitate to 
selectively re-dissolve the protein and "re-suspend the 
5 beads, 

applying a magnetic field to draw down a 
precipitate of the beads and the associated nucleic 
acid, 

separating a supernatant liquid containing 
10 the protein from the precipitate, 

adding liquid to the precipitate to 
redissolve the nucleic acid and re- suspend the beads, 

applying a magnetic field to draw down the 

beads , and 

15 - separating a supernatant liquid containing 

the nucleic acid from the beads. 

8. A method as claimed in Claim 4, wherein the 
biopolymer is bacteriophage and/or virus and/or cell. 
9- A method as claimed in Claim 4, wherein the 

20 starting solution comprises a mixture of similar 

biopolymers, one of which is selectively precipitated 
out of solution in the presence of the beads. 
10. A method as claimed in Claim 9, wherein the 

starting solution is a cell lysate comprising protein, 

25 membrane, bacterial DNA and low mplecular weight 

nucleic acids; and the biopolymer precipitated out of 
solution comprises the protein, membrane and bacterial 
DNA but not the low molecular weight nucleic acids. 
11- A method for recovering low molecular weight 

30 nucleic acids from a starting solution of bacteriophage 
and/or virus, which method comprises the steps: - 

precipitating the bacteriophage and/or 
virus and/or cell by the method of Claim 8, 

lysing the bacteriophage and/or virus to 

35 form a cell lysate solution, and 

treating the cell lysate solution by the 
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method of Claim 10. 

12 - A* 1 automated device for performing the method 

of any one of Claims 1 to 11, which device comprises an » 
automated pipettor and a magnet. 
5 . 

10 

15 

20 

25 
30 

- 

35 
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